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Abstract 30 
 31 
Adequate consumption of fruits and vegetables (FV) is a characteristic of a healthy diet but remains 32 
a challenge in nutrition interventions. This cross-sectional study explored the multi-directional 33 
relationships between maternal feeding self-efficacy, parenting confidence, child feeding behaviour, 34 
exposure to new food and FV intake in a cohort of 277 infants. Mothers with healthy infants 35 
weighing >2500g and >37 weeks gestation were recruited post-natally from 11 South Australian 36 
hospitals. Socio-demographic data were collected at recruitment. At 6 months postnatal, infants 37 
were weighed and measured, and mothers completed a questionnaire exploring their perceptions of 38 
child feeding behavior and child exposure to new foods. The questionnaire also included the Short 39 
Temperament Scale for Infants, Kessler 10 to measure maternal psychological distress and 5 items 40 
measuring maternal feeding self-efficacy. The number of occasions and variety of FV (number of 41 
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subgroups within food groups) consumed by infants were estimated from a 24-hour dietary recall 42 
and 2 days food record. Structural equation modeling was performed using Mplus version 6.11. 43 
Median (IQR) variety scores were 2(1-3) for fruit and 3(2-5) for vegetable intake. The most popular 44 
FV consumed were apple (n=108, 45.0%) and pumpkin (n=143, 56.3%). None of the variables 45 
studied predicted the variety of child fruit intake. Parenting confidence, exposure to new foods and 46 
child feeding behaviour were indirectly related to child vegetable intake through maternal feeding 47 
self-efficacy while total number of children negatively predicted child vegetable variety ( p<0.05). 48 
This highlights the need for addressing antecedents of maternal feeding self-efficacy and the family 49 
eating environment as key strategies towards development of healthy eating in children. 50 
 51 
 52 
Keywords: fruit, vegetable, self-efficacy, children, exposure, intake53 
Introduction 54 
 55 
Fruits and vegetables (FV) are cornerstones of a healthy diet and provide a cornucopia 56 
of essential nutrients such as vitamins, minerals, dietary fibre and phytonutrients. 57 
Globally, adults are recommended to consume a minimum of 400g non-starchy FV 58 
daily (World Health Organisation, 2003). In children, FV recommendations vary from 59 
around half the adult recommendation at two years to the equivalent by adolescence 60 
(National Health and Medical Research Council, 2013a). Adequate consumption of 61 
FV has been linked to reduced risk of diabetes, cardiovascular diseases and some 62 
cancers (National Health and Medical Research Council, 2013a). Despite the benefits 63 
of FV, consumption (amount, frequency and variety) falls below recommendations in 64 
many countries (Hall, Moore, Harper, & Lynch, 2009; Gikes, Turrell, Patterson & 65 
Newman 2002; Guenther, Dodd, Reedy, & Krebs-Smith 2006) and of particular 66 
concern are studies showing poor intake of FV in young children (Siega-Riz et al., 67 
2010).   68 
Early childhood is a critical period for the development of food preferences 69 
and eating patterns (Birch, 1999; Harris, 2008; Wardle & Cooke, 2008) that may 70 
influence weight and health outcomes in later childhood (Birch & Davison, 2001). 71 
Given that childhood eating habits (Birch, 1999; Lytle, Seifert, Greenstein, & 72 
McGovern, 2000) and weight status (Magarey, Daniels, Boulton, & Cockington, 73 
2003; Power & Parsons, 2002) track into adulthood, early interventions that promote 74 
healthy eating are urgently required. 75 
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 For interventions to be successful, it is vital that researchers are able to 76 
identify the predictors of food intake and understand how these predictors interact to 77 
influence food-related behaviours in children. Studies on determinants of FV intake in 78 
children that focused on identifying the target group for intervention (socio-economic 79 
status, gender) (Blanchette & Brug, 2005; Rasssmussen et al., 2006) do little to 80 
explain why children were not consuming adequate FV.  81 
In early childhood, the role of the principal carer (mainly mothers) in early 82 
feeding is undisputed within the literature. Mothers influence child food intake not 83 
only through their feeding practices, but also via their own food preferences (Birch, 84 
1999). Specifically, research shows similarities in FV intake between mother and 85 
child (Cooke et al., 2003) suggesting that mothers feed children with food they 86 
themselves prefer to eat. 87 
 Mothers may also influence children’s food intake through their cognitive 88 
processes that determine how they make feeding decisions. Self-efficacy, an 89 
important aspect of socio-cognitive theory introduced by Albert Bandura (Bandura, 90 
1977), is well studied and has been shown to be highly predictive of a range of health 91 
behaviours (Abusabha & Actherberg, 1997). Self-efficacy refers to a self-judgement 92 
of how well one can perform across a variety of situations (Judge, Erez, & Bono, 93 
2002). Unlike confidence which refers to measurement of self-worth (Farrow & 94 
Blisset, 2007), self-efficacy is concerned with task-specific self-competency (Judge, 95 
Erez, & Bono, 2002). In early feeding, research on maternal self-efficacy has focused 96 
predominantly on breastfeeding behaviours (Yngve & Sjostrom, 2001). There is little 97 
research investigating maternal feeding self-efficacy and child FV intake in early 98 
childhood, possibly due to the lack of data on food intake in children under 2 years of 99 
age (Smithers, Golley, Brazionis, & Lynch, 2011). Nevertheless, one Australian study 100 
reported a significant positive relationship between maternal feeding self-efficacy and 101 
child vegetable intake at one year of age (Campbell, Hesketh, Silverii, & Abbott, 102 
2010). Studies on  children aged 8-12 years revealed similar relationships (Kratt, 103 
Reynolds, & Shewchuk, 2000; Weber Cullen et al., 2000). Therefore, there is a strong 104 
rationale for studying maternal feeding self-efficacy as a possible predictor of early 105 
FV intake.  106 
 While the role of mothers in the feeding relationship is important, individual 107 
child characteristics may also influence child feeding behaviours and how mothers 108 
respond to these. Children respond to new foods to varying degrees. Generally, 109 
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children who showed stronger inhibitions towards new foods had lower dietary 110 
variety (Cooke, 2007) and children who were more responsive to food were more 111 
accepting of new foods (Cooke, et al., 2003). This relationship may be influenced by 112 
children’s inherent temperament (Haycraft, Farrow, Meyer, Powell, & Blissett, 2011) 113 
and is worth exploring further.  114 
 Clearly, the literature suggests that FV intake in young children is influenced 115 
by a multitude of factors. However, many of the studies on determinants of FV intake 116 
in children are limited by their unidirectional models and lack of consideration of 117 
maternal feeding self-efficacy. The aim of this study is to address these limitations by 118 
applying structural equation modelling (SEM) to examine the potential role of 119 
maternal feeding self-efficacy, and maternal and child feeding behaviours on the 120 
variety of children’s FV intake in a cohort of Australian children aged 6-7 months. 121 
This study will also report child fruit and vegetable intakes (types, frequency and 122 
variety) in this same cohort of children. 123 
 124 
Methods 125 
The sample  126 
 127 
Participants are mother-infant dyads in the South Australian Infants Dietary Intake 128 
(SAIDI) study. SAIDI is  an observational study that aimed to prospectively examine 129 
the maternal feeding practices, and child dietary intake and growth in a cohort of 130 
South Australian children 6-24 months of age (Magarey, Perry, & Daniels, 2010). The 131 
analysis presented here includes only data from mothers who provided complete data 132 
at the time of the first assessment.  133 
Between September 2008 and March 2009, a convenience sample of mother-134 
infant dyads were approached within 1-3 days  post-partum at three metropolitan 135 
public hospitals, one metropolitan private hospital and seven regional public hospitals 136 
in South Australia (SA). Eligible mothers were aged 18 years old or older at the time 137 
of the infant’s birth, able to speak and write in English without assistance from 138 
translators and willing to complete all study requirements. Eligible infants were 139 
healthy, full term (> 37 weeks gestation), with a birth weight of > 2500g and no 140 
congenital or long-term illnesses that may affect feeding.  141 
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Mothers agreeing to participate provided contact and socio-demographic 142 
details and gave consent for later contact. Socio-demographic details collected at 143 
recruitment were maternal age at child birth (years), child gender (male, female), 144 
maternal country of birth (Australia, overseas), maternal education (≤ Grade 12, 145 
Trade/University) and total number of children. Approximately two weeks prior to the 146 
child turning six months old, mothers were invited by letter to give consent for study 147 
participation. Mother who consented provided data on family income (6 categories 148 
ranging from $0-$385 per week to > $1923 per week) and maternal cigarette smoking 149 
status (never smoked, smoking/smoked). Multi-site ethics approvals were obtained 150 
from the Southern Adelaide Flinders Clinical Human Research Ethics Committee and 151 
from all the Human Research Ethics Committees required to cover recruitment sites. 152 
 153 
 154 
Anthropometrical measurements 155 
 156 
Metropolitan dwelling mothers consenting to further participation were given 157 
appointments at which trained study staff measured bare infant weight and length 158 
using a Tanita Digital Baby Scale Model BD- 590 to the nearest 0.01kg and a SECA 159 
length mat to the nearest 0.5cm. Weight and length measurements for regional 160 
dwelling infants were performed by nurses or child health clinic staff during the 161 
infant’s six month health check at the doctor’s clinic or child health clinics using 162 
standard available equipment, and reported to study staff by mothers. Infant weight 163 
and length z-scores were calculated according to the WHO growth reference 164 
standards (World Health Organisation, 2006). 165 
 166 
 167 
Child and maternal behavioural characteristics 168 
 169 
Three items from the Short Temperament Scale for Infants (STSI) (The Australian 170 
Temperament Project, 1987)  measured infant irritability and ten items from the 171 
Kessler 10 (Andrews & Slade, 2001) measured maternal psychological distress (Table 172 
2). Five items from the self-efficacy questionnaire used in the Nutrition Education 173 
Aimed at Toddlers (NEAT) project (Horodynski & Stommel, 2005) that are 174 
developmentally appropriate for infant feeding measured maternal feeding self-175 
efficacy (Table 2). Mothers'  feeding behaviour was assessed by the following 176 
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questions: how often they offer new foods to child ( Never, Almost Never, 177 
Sometimes, Often, Very Often) and how many times mothers would offer a new food 178 
before deciding that child dislikes the food (Once, 2-5 times, 6-10 times, 11-15 times 179 
and ≥ 16 times). Maternal perception of their child’s feeding behaviour was assessed 180 
by asking mothers to rate their agreement to a statement that it was easy to feed their 181 
child compared to children of similar age (Strongly disagree, Disagree, Agree, 182 
Strongly Agree), and how willing child was to eat new foods (Very Unwilling, 183 
Unwilling, Neutral, Willing, Very Willing). A question asking mother to rate their 184 
perception of their parenting skills on a 5-point Likert scale (1=Not very good at 185 
being a parent to 5=A very good parent) was also included. 186 
 187 
Maternal and child food intake 188 
 189 
Based on the serve sizes in the Australian Guide to Healthy Eating (National Health 190 
and Medical Research Council, 2013a), mothers were asked how many serves of each 191 
of fruit and vegetables they typically consume daily with responses recorded as 1= 192 
None, 2=One, 3=Two, 4=Three to Four and 5= Five serves or more.  193 
 Food intake for children was measured using a standardised multiple-pass 24-194 
hour dietary recall and two days food record method using the same protocol and 195 
materials used in the NOURISH study (Daniels et al., 2009). The dietary recall was 196 
conducted via telephone interview by trained dietitians. To help mothers correctly 197 
estimate portions of foods consumed when recalling or recording intake, 10 pictures 198 
corresponding to different levels of a teaspoon (flat, rounded, heaped), a tablespoon 199 
(flat, rounded, heaped) and cup (1 cup, ½ cup, 1/3 cup, ¼ cup) were provided. Recall 200 
and record days were randomly selected by study staff to cover two weekdays and one 201 
weekend day for each child. Mothers completed the food record at home and returned 202 
it to study staff using a reply-paid envelope.  203 
 All items consumed were entered into Foodworks 2009 version 6 with 204 
AUSNUT 2007 database (Xyris Software, 2009) and exported to SPSS version 19 205 
(IBM, 2010) for analysis. FV were allocated to the sub-groups as shown in Table 1. 206 
Frequency of intake was calculated as the number of consumption occasions and 207 
variety as the number of different sub-groups within each of the fruit and vegetable 208 
food groups across the three days of intake.  209 
 210 
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Statistical analyses 211 
 212 
Descriptive analyses were performed using SPSS version 19 (IBM, 2010) and are 213 
reported as mean ±SD if normally distributed or median (IQR) if data are skewed. 214 
Normality is assumed if data meets all of the following criteria:- i) Histogram 215 
distribution of data resembles a normal curve, ii) Statistic from Kolmogorov-Smirnov 216 
test where non-significance (P>0.05) indicates normality, and iii) A straight line is 217 
observed from inspecting the observed data against expected values from a Normal Q-218 
Q plot.  219 
Confirmatory factor analyses on ordinal variables (Likert scales) were 220 
conducted using Mplus version 6.11(Muthen & Muthen, 2011) to construct each 221 
known latent variable (10 items measuring psychological distress, 5 items measuring 222 
feeding self-efficacy and 3 items measuring infant irritability). Cronbach’s alpha was 223 
calculated to assess the reliability of each underlying construct using SPSS version 19 224 
(IBM, 2010).  225 
 226 
Structural equation modelling (SEM) 227 
 228 
SEM allows an examination of the multidirectional relationships and causal 229 
dependencies that exist between a number of endogenous and exogenous variables of 230 
interest (Schreiber, Stage, King, Nora, & Barlow, 2006). SEM also allows the 231 
construction of latent variables; variables that are not measured directly but estimated 232 
from measured variables, each of which are believed to contribute to the latent 233 
variables (Schreiber et al., 2006). The latent variables in this study are maternal 234 
psychological distress, feeding self-efficacy and child irritability. The measured items 235 
that construct these latent variables are listed in Table 2. The two main model 236 
components of SEM are the structural model and the measurement model. In this 237 
study, we used SEM as a confirmatory technique which first requires the 238 
measurement model to be correctly fitted. Any instrumental measurement error is 239 
accounted for in the construction of latent variables (Schreiber et al., 2006).  240 
Figure 1 summarises the conceptual model that was tested in this study. The 241 
varieties of child fruit and vegetable intakes were tested separately using the same 242 
model. Socio-demographic factors (maternal education, age, country of birth, family 243 
income, total number of children and child gender) form the exogenous variables in 244 
the conceptual model that are postulated to influence all of the endogenous variables 245 
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(maternal psychological distress, feeding self-efficacy, FV intake, how often offer 246 
new foods to child, frequency a new food is offered to child before deciding child 247 
dislikes it, child irritability, child willingness to eat new food, how easy it was to feed 248 
child, parenting confidence and child FV variety) in the model. The shaded area in the 249 
model represents the bi-directional relationships studied between maternal feeding 250 
practices (exposure to new foods), child feeding behaviour and maternal feeding self-251 
efficacy. The variables in the shaded area are hypothesised to predict child FV variety 252 
and are predicted by the socio-demographic and affective factors studied. The bi-253 
directional relationship between maternal feeding practices and child feeding 254 
behaviour follow the same directions as in the behavioural model proposed by Birch 255 
and Davison 2001(Birch & Davison, 2001). The conceptual model in this study 256 
expands on this bi-directional relationship through the inclusion of maternal feeding 257 
self-efficacy, affective and socio-demographic factors. 258 
SEM was performed using Mplus version 6.11(Muthen & Muthen, 2011). 259 
Parameter estimations for the SEM models were conducted using the weighted least 260 
square with mean and variance adjusted for 2 (WLSMV) method. The WLSMV is a 261 
robust method for non-parametric estimations for SEM with categorical data and 262 
unlike the Maximum Likelihood (ML) method, it does not assume normality of 263 
distribution (Hancock & Mueller, 2006). Modifications were made to the hypothetical 264 
model to achieve a better fitting and parsimonious model. Modifications were not 265 
based on modification indices available through Mplus but on theoretical sense of the 266 
model. Models are considered well-fitting if the chi-squared ratio to degrees of 267 
freedom (2/df) for the model is <2, Root Mean Square Error of Approximation 268 
(RMSEA) is <0.06, Comparative Fit Index (CFI) is  > 0.96, Tucker-Lewis Index is 269 
(TLI) > 0.95 and Weighted Root Mean Residual (WRMR) is < 0.90 (Schreiber et al., 270 
2006). Statistical significance for correlations and standardised estimates (ß) from the 271 
SEM was set at p<0.05. 272 
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Figure 1- The conceptual model of the study 299 
Socio-demographic factors: 
Maternal education, age, country of birth, family income, total number of children, child gender 
Maternal feeding practices: 
How often offer new foods, frequency 
offering a new food before deciding child 
does not like it, age of introduction of solids 
Child feeding behaviour: 
How willing to eat new foods, how easy to 
feed compared to other child of same age 
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Latent variable(s) 
Measured variable(s) 
Parenting confidence, 
Maternal fruit and 
vegetable intakes 
Shaded area representing bi-directional relationships between 
maternal feeding practices, self-efficacy and child feeding behaviour 
Direction of relationship 
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Results 300 
Participant characteristics 301 
 302 
Around a third (n=277, 34.8%) of eligible mother-child dyads participated and provided complete 303 
data for this study. Mothers were 32.1 ± 5.1 years old at child delivery, most had post-school 304 
education (trade/University) (n= 201, 72.5%), were partnered (n=264, 95%), born in Australia 305 
(n=237, 86%) and never smoked (n=232, 84%). At assessment, children were 27 ± 3.2 weeks old, 306 
46% (n=125) were males and 72% (n=199) were still being breast fed. The mean age at which 307 
children were introduced to solids was 21.0 ± 3.8 weeks with 238 (86%) between 17-36 weeks, 31 308 
(11.2%) before 17 weeks and 8 (2.8%) after 36 weeks. Mean child measured weight and length z-309 
scores (World Health Organisation, 2006) were 0.1 ±1.1 and 0.2 ± 1.4 respectively.  310 
 311 
Maternal and child fruits and vegetables intake 312 
 313 
A majority of mothers reported consuming 2-4 serves of vegetables (n=218, 78.7%) and 1-2 serves 314 
of fruits daily (n=232, 83.6%). In three days of dietary assessment, a majority of children consumed 315 
fruit (86.6%) and vegetable (91.7%) with a median (IQR) frequency of 4 (1-7) and 6 (3-11) times 316 
and median (IQR) variety scores of 2 (1-3) and 3 (2-5) for fruits and vegetables respectively. The 317 
most popular vegetables consumed were pumpkin, carrot, potato and sweet potato. The most 318 
popular fruits consumed were apple, banana, commercial infant mixed fruits and pear (Table 1).  319 
 320 
 321 
Table 1- Child fruits and vegetables intake (n=277). 322 
Food n(%)a 
Total vegetable 
          Pumpkin 
          Carrot 
          Potato 
          Sweet potato 
          Homemade vegetable dishes 
          Mixed vegetables 
          Commercial infant vegetable dishes 
          Broccoli 
          Avocado 
          Peas and green beans 
          Commercial infant mixed vegetables 
          Cauliflower 
          Zucchini 
          Sweet corn 
          Leafy vegetables 
          Garlic and onion 
          Other root vegetablesb 
          Cabbage 
          Homemade legume dishes 
254(91.7) 
143(56.3) 
115(45.3) 
107(42.1) 
100(39.4) 
75 (29.5) 
67 (26.4) 
60 (23.6) 
59 (23.2) 
45 (17.7) 
44 (17.3) 
39 (15.4) 
38 (15.0) 
33 (13.0) 
20 (7.9) 
16 (6.3) 
10 (3.9) 
8 (3.1) 
5 (2.0) 
4 (1.6) 
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          Tomato 
          Legume 
          Cucumber 
 
Total fruit 
          Apple 
          Banana 
          Commercial infant mixed fruits 
          Pear 
          Commercial infant fruit 
          Stone fruitsc 
          Berries 
          Mixed fruits 
          Commercial infant fruit dishes 
          Melons 
          Citrus 
          Homemade fruit dishes 
          Kiwi fruit 
          Mango 
          Grapes 
          Rhubarb 
          Dried fruits 
          Pawpaw 
4 (1.6) 
3 (1.2) 
2 (0.8) 
 
240 (86.6) 
108(45.0) 
101(42.2) 
83 (34.6) 
82 (34.2) 
58 (24.2) 
20 (8.3) 
14 (5.8) 
13 (5.4) 
8 (3.3) 
6 (2.5) 
5 (2.1) 
3 (1.3) 
3 (1.3) 
3 (1.3) 
2 (0.8) 
2 (0.8) 
1 (0.4) 
1 (0.4) 
aPercentage for total fruit/vegetable is proportion of children in the study who consumed fruit/vegetable while 323 
percentage for individual food sub-group is calculated based on those who consumed any fruit/vegetable. 324 
bParsnip, swede and squash. 325 
cExamples include peach, apricot, nectarine, cherry, prune and plum.326 
 327 
Maternal and child feeding behaviours 328 
 329 
Generally, mothers in this study have positive perceptions of their feeding behaviours 330 
and their child’s feeding behaviours. The majority of mothers agreed that their child 331 
was easy to feed (n=192, 69.3%) and willing to eat new foods (n=169, 61.0%), that 332 
they would often (n=137, 49.5%) or sometimes (n=67, 24.2%) offer new foods to 333 
their children and ranked themselves as being better than average/good parents 334 
(n=202, 72.9%). Most mothers reported that they would offer a new food 2-5 times 335 
(n=124, 44.8%) and 6-10 times (n=50, 18.1%) with only 9 (3.2%) reporting that they 336 
would only offer new foods once and 18 (6.5%) offering new foods >10 times.  337 
 338 
Measurement models for structural equation modelling 339 
 340 
Median (IQR) item rankings, Cronbach’s alpha (α), standardised factor loadings, and 341 
item measure reliability (R2) for all questionnaire items measuring maternal feeding 342 
self-efficacy, maternal psychological distress and infant irritability are shown in Table 343 
2. Median item rankings showed that the majority of mothers in the study reported 344 
high levels of feeding self-efficacy (median ranking 5 out of 5), and low levels of 345 
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psychological distress (median ranking 2 out of 5) and infant irritability (median 346 
ranking 2 out of 6) with the higher rankings depicting higher agreement to the latent 347 
variable.  348 
 Confirmatory Factor Analysis on the Kessler 10 resulted in a one factor 349 
solution consisting of 6 items that relate to the theoretical concepts of depressed 350 
mood, fatigue and anxiety (Kessler RC et al., 2002) (2/df<2, RMSEA <0.06, 351 
CFI>0.96, TLI>0.95, WRMR <0.90). Similarly, all the five items measuring maternal 352 
feeding efficacy and three items measuring child irritability fitted well into the 353 
respective CFA models (2/df <2, RMSEA <0.06, CFI>0.96, TLI>0.95, WRMR 354 
<0.90). Cronbach’s alpha suggested acceptable to good internal consistencies for the 355 
six items measuring maternal psychological distress (α=0.81) and the five items 356 
measuring maternal feeding self-efficacy (α=0.99), but less than acceptable for the 357 
three items measuring child irritability (α =0.63). 358 
 359 
Table 2-Median, internal consistency and reliability for latent variables in the 360 
study (n=277). 361 
Measured/Latent variablesa 
[2/df, RMSEA, CFI, TLI, WRMR]b 
Median(IQR)c αd SEe R2f 
Maternal feeding self-efficacyg 
[0.52, 0, 1.0,. 1.0, 0.21] 
          Give baby healthy food 
          Can get baby to eat enough 
          Can get baby to try vegetables 
          Give baby right amount of food 
          Can get baby to taste new food 
 
Maternal psychological distressh 
[1.9, 0.06, 0.99, 0.99, 0.52] 
          Feel hopeless 
          Feel depressed 
          Feel sad 
          Often feel tired 
          Feel everything was an effort 
          Feel nervous 
 
Child irritabilityi 
[0, 0, 1.0, 1.0, 0.001] 
          Fretful on waking up 
          Continues to cry despite soothing 
          Cries when left alone to play 
5(4-5) 
 
5(5-5) 
5(4-5) 
5(5-5) 
4(4-5) 
5(4-5) 
 
2(1-2) 
 
1(1-2) 
1(1-2) 
1(1-1) 
2(2-3) 
2(1-2) 
1(1-2) 
 
2(2-3) 
 
2(2-3) 
2(1-3) 
2(2-3) 
0.99 
 
 
 
 
 
 
 
0.81 
 
 
 
 
 
 
 
 
0.63 
 
 
0.69 
0.90 
0.90 
0.72 
0.86 
 
 
 
0.82 
0.89 
0.96 
0.63 
0.70 
0.62 
 
 
 
0.72 
0.72 
0.53 
 
 
0.47 
0.81 
0.81 
0.51 
0.75 
 
 
 
0.67 
0.78 
0.93 
0.39 
0.49 
0.38 
 
 
 
0.52 
0.52 
0.28 
aLatent variables in bold. 362 
bModel Fit Indices: 2/df (Chi square to degrees of freedom ratio <2), RMSEA (Root Mean Square Error of 363 
Approximation <0.06), CFI (Comparative Fit Index, ≥0.96), TLI (Tucker-Lewis Index, ≥ 0.95, WRMR (Weighted 364 
Root Mean Residual, < 0.90). 365 
cMedian rating with inter-quartile range. 366 
dCronbach’s Alpha for internal consistency: α> 0.7 (acceptable), α>0.8 (good consistency). 367 
eStandardised estimates or also known as standardised factor pattern or standardised factor loading 368 
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fSquared multiple correlation (R2) indicates reliability of the measured item; for example: R2 = 0.47 for  the item 369 
‘give baby healthy food’ means 47% of the variance of the latent variable ‘maternal feeding self-efficacy’ is 370 
explained by this item. 371 
gAll items rated in 5-point Likert scale with 1= not confident at all to 5 = very confident. 372 
hAll items rated in 5-point Likert scale with 1= none of the time to 5= all of the time. 373 
iAll items rated in 6-point Likert scale with 1= almost never to 6 = almost always. 374 
 375 
Predictors of maternal feeding self-efficacy and child FV intake 376 
 377 
Structural equation modelling of the hypothetical model for both child fruit and 378 
vegetable variety resulted in good fitting models (2/df <2, RMSEA <0.06, CFI>0.96, 379 
TLI>0.95, WRMR <0.90 for each). Maternal feeding self-efficacy was found to 380 
significantly related to vegetable variety ( ß=0.61, p<0.05) and was influenced by 381 
parenting confidence ( ß =0.36, p<0.01), how often mother offered new foods ( ß 382 
=0.26, p<0.05), frequency a new food was offered before deciding child dislikes it ( ß 383 
=0.40, p<0.01) and child willingness to eat new food ( ß =0.70, p<0.01).  384 
Maternal psychological distress negatively influenced parenting confidence ( ß=-0.42 385 
p<0.01), frequency of offering a new food before deciding child dislikes it ( ß= -0.26, 386 
p<0.05), how often new foods were offered to child ( ß= -0.14, p<0.001) and maternal 387 
vegetable intake ( ß = -0.31, p<0.01). Total number of children negatively predicted 388 
child vegetable variety (ß= -0.50, p<0.05). However, the model predicted only 14% of 389 
the variance in child vegetable variety. For fruit intake, none of the endogenous and 390 
exogenous variables in the model predicted child fruit variety.  To summarise, figure 391 
2 depicts the significant relationships found for child vegetable variety. Relationships 392 
in the conceptual model (Figure 1) not depicted in Figure 2 were found to be non- 393 
significant.394 
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Figure 2- Significant relationships for maternal feeding self-efficacy and child vegetable intake (n=277).423 
Frequency offering a new food before 
deciding child does not like it 
R2=0.04 
Parenting confidence 
R2=0.16 
How often offer new foods 
R2=0.10
Child willing to eat new foods 
R2=0.06
Maternal feeding self-
efficacy 
R2=0.71 
Variety of child 
vegetable intake 
R2=0.14
Latent variables 
Measured/Observed variables 
Total number of children 
Maternal psychological 
distress 
R2=0.03 
Maternal  
vegetable intake 
R2=0.14
Model fit indices: 
2/df =1.3, RMSEA=0.03, 
CFI/TLI=0.98, 
WRMR=0.80. 
 
Significance for 
standardised betas: 
*p<0.05, **p<0.01, 
***p<0.001. 
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Discussion 424 
 425 
Child consumption of fruits and vegetables 426 
Our findings on children’s FV intake showed that although children were given 427 
vegetables frequently, the variety of vegetables offered over the three days was 428 
limited. Similar results were found for fruit intake. The type of FV eaten indicated 429 
early exposure to sweet and/or starchy type FV (pumpkin, carrot, potato, apple, 430 
banana, pear), a finding comparable to the Feeding Infants and Toddlers Study (FITS) 431 
(Siega-Riz et al., 2010). These FV are popular possibly due to their sweetness and 432 
texture, which facilitate acceptability and ease of mashing/puree. The energy density 433 
of some of these FV (potato, banana) may also influence acceptability by providing a 434 
pleasant feeling of fullness which teaches children to prefer their tastes, texture and 435 
smell (Wardle & Cooke, 2008).  436 
The limited variety of FV consumed by children at this age is not a great 437 
concern, nor surprising as many had just started solids and milk was the main source 438 
of energy. Although there is currently no consensus in infant feeding guidelines on the 439 
order in which food groups are introduced, variety between and within food groups is 440 
encouraged (National Health and Medical Research Council, 2013b; World Health 441 
Organisation, 2002). Theoretically, variety of FV intake should increase as infant 442 
develops a more stable eating pattern consuming family foods (if recommendations 443 
are followed). However, evidence to date showed poor FV variety in diets of 444 
adolescents and adults (Gikes, Turrell, Patterson & Newman 2002; Guenther, Dodd, 445 
Reedy, & Krebs-Smith 2006). The findings in our study showed that although FV 446 
were consumed frequently, variety was limited, suggesting that poor FV variety in 447 
adulthood may have its origins in early childhood.  448 
Nutritionally, wide dietary variety can potentially provide nutritional 449 
adequacy, especially adequacy of micronutrients (Kennedy, Pedro, Seghieri, Nantel, 450 
& Brouwer, 2007; Steyn, Nel, Nantel, Kennedy, & Labadarious, 2006). 451 
Behaviourally, dietary variety is important to help infants acquire preferences for new 452 
foods (Gerrish & Mennella, 2001; Mennella, Nicklaus, Jagolino & Yourshaw, 2008). 453 
Infants have innate inclination for sweet and salty tastes (Ventura & Worobey, 2013) 454 
and infant habituation to these tastes may lead to poor acceptance of bitter tasting 455 
foods such as vegetables (Wardle & Cooke, 2008). There is evidence to support this 456 
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from both experimental studies and community based interventions in children aged 457 
five years and above (Cooke, 2007). However, a recent systematic review of 458 
interventions to increase FV intake in children under 5 years of age through repeated 459 
exposure revealed mixed results (Wolfenden et al., 2012). Interventions that utilised 460 
repeated exposure to increase intake of a target vegetable did not result in increased 461 
intake of the target vegetable in the short term while interventions that coupled 462 
repeated exposure with a tangible non-food or social reward resulted in increased 463 
short term consumption of the target vegetable (Wolfenden et al., 2012). These results 464 
suggest that although repeated exposure to FV in early childhood is important, the 465 
effect of exposure on intake may be determined by how children were encouraged to 466 
eat FV. This continues to be a subject of contention amongst health professionals, 467 
largely due to the scarcity of evidence. 468 
 469 
Factors affecting the variety of child fruit and vegetable consumption 470 
In our study, we found maternal feeding self-efficacy directly associated with 471 
child vegetable variety. This adds weight to previous findings that maternal self-472 
efficacy is a significant predictor of child FV intake (Campbell et al., 2010; Weber 473 
Cullen et al., 2000). In our study, we demonstrated that in healthy children aged 6-7 474 
months, parenting confidence, how often mother offered new foods, frequency mother 475 
offered a new food before deciding child dislikes it and child willingness to eat new 476 
foods indirectly affect the variety of child vegetable intake through maternal feeding 477 
self-efficacy. To our knowledge, only four studies (Campbell et al., 2010; Kratt et al., 478 
2000; Weber Cullen et al., 2000; West  & Sanders, 2009) have specifically explored 479 
the relationship between maternal self-efficacy and child dietary outcomes and of 480 
these, only one examined the relationship between maternal self-efficacy and food 481 
intake in children under two years of age (Campbell et al., 2010). This study, 482 
however, was limited by the unidirectional model used. The other dietary studies on 483 
children that reported self-efficacy outcomes were primarily concerned with 484 
evaluating self-efficacy as an explanatory component for the effect of an intervention. 485 
Although there is evidence to support the relationship between maternal and 486 
child vegetable intake (Cooke et al., 2003), this was not observed in our study. From 487 
the literature, the relationship between maternal and child food intake was generally 488 
weak in young children and stronger in older children (Birch, 1999). Furthermore in 489 
our study, maternal vegetable intake was measured as how many serves of vegetables 490 
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mothers consumed while child vegetable intake was measured as the number of 491 
different sub-groups of vegetables consumed (variety). Dietary variety is a variable 492 
commonly used to measure diet quality (Waijers, Feskens & Ocke, 2007) and is 493 
independent of the amount of food consumed. Although greater dietary variety is 494 
linked to nutrient adequacy, the link between dietary variety and dietary quantity (eg: 495 
energy, amount/serves consumed) is not well established (Ruel, 2003), especially 496 
when variety within food groups is considered. This may explain why we were unable 497 
to observe a relationship between maternal and child vegetable intake in our study. 498 
Number of children in the household was negatively related to child vegetable 499 
variety. Interestingly, this variable was also associated with poor child diet quality 500 
(food patterns higher in discretionary food but lower in fruits, vegetable and legume 501 
consumption) in other studies (Betoko et al., 2013; Golley, Hendrie & McNaughton, 502 
2011; Smithers et al., 2012). We theorise that total number of children is a proxy 503 
variable for underlying factors associated with having to juggle the needs of more 504 
than one child, such as the influence of older siblings in the food intake of the 505 
younger child and/or the challenge of managing increased parenting responsibilities 506 
associated with having a larger family. Currently, in Australia, early interventions are 507 
mainly focused on targeting primiparous mothers. However, given the relationship 508 
between number of children and child vegetable variety found in this study, 509 
consideration should be given to interventions that target families with more than one 510 
child to address the issues related to the family eating environment and the parenting 511 
of multiple children.    512 
Our study also showed how maternal psychological distress negatively 513 
influenced parenting confidence, how often mothers offer new foods to child and the 514 
frequency a new food is offered before deciding that child dislikes it. These variables 515 
were then related to maternal feeding self-efficacy and subsequently child vegetable 516 
variety. The indirect relationship between maternal psychological distress, feeding 517 
self-efficacy and child vegetable intake is not unexpected, given that mothers who are 518 
distressed are more self-preoccupied and therefore unable or unwilling to respond to 519 
their child’s needs (Gondoli & Silverberg, 1997). 520 
In contrast to our findings with respect to vegetable intake, fruit variety was 521 
not predicted by any of the variables in the model examined in our study. This may be 522 
due to the fact that fruits appeal to children’s innate preference for sweetness and 523 
consumption is therefore less dependent on maternal self-efficacy, feeding practices 524 
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and child feeding behaviour. A cross-sectional study conducted on school children to 525 
examine consumption of fruit also concluded  that fruit and vegetable intakes are 526 
influenced by different behavioural factors and that they should be examined 527 
separately (Reinaerts, de Nooijer, Candel, & de Vries, 2007). The authors postulated 528 
that this could be due to the fact that consumption of fruit is volitional whereas 529 
consumption of vegetables is often imposed on the child by others hence vegetable 530 
consumption requires a more conscious effort than fruit. In early feeding, this 531 
‘conscious effort’ may be explained by examining the role of maternal feeding self-532 
efficacy and feeding practices, as demonstrated in our study.   533 
Despite the significant relationships discussed above, the model examined in 534 
our study only explained 14% of the variance in the variety of child vegetable intake. 535 
This may be due in part to the nature of our study that targets children who had just 536 
started solids and thus had not established a varied diet. The model was also limited 537 
by the cross-sectional design of the study. Testing of the model in older children with 538 
more established eating habits and repeated testing to assess longitudinal effects 539 
should improve the model’s predictive power. Inclusion of determinants of FV 540 
consumption found in studies conducted in older children (2 to12 year olds) that are 541 
relevant to infants such as child care arrangement, parenting modelling, maternal 542 
feeding style, and availability and accessibility to FV (Nicklas 2001; Blanchette & 543 
Brug 2005) may also improve the model. 544 
Another limitation of the study was the use of questionnaires in which mothers 545 
were required to self-report the levels of feeding efficacy, psychological distress, 546 
parenting confidence, feeding behaviour, FV intake, and their perceptions of infant 547 
irritability and feeding behaviours. This may have led to general over-estimation of 548 
responses that reflect positive perceptions and practice. Infant feeding raises profound 549 
issues of moral responsibility where the mother is often seen as the primary caregiver 550 
with responsibilities to maximise growth and health outcomes for her child (Murphy 551 
2000). To avoid moral judgement, mothers may have reported what is desirable over 552 
what is actual practice. Furthermore, due to the voluntary nature, literacy 553 
requirements and low response rate of the study, sampling bias was unavoidable. This 554 
explains the homogeneity of exogenous and endogenous variables found in this study 555 
which limits the generalisability of the results.  556 
Despite its weaknesses, this study is unique in examining the predictors of 557 
early feeding at an age when solids were just being introduced to infants. The 558 
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contemporaneous data collection method of feeding behaviours and dietary intake 559 
reduces recall bias as mothers were asked to record current practices. The conceptual 560 
model studied is a comprehensive model that includes socio-demographic, affective, 561 
behavioural and cognitive factors. Furthermore, through SEM, we were able to clearly 562 
show the direction and strength of the observed relationships and how maternal 563 
psychological status, exposure to new foods and child feeding behaviour influence the 564 
variety of child vegetable intake through maternal feeding self-efficacy.  565 
Therefore, future interventions on early feeding can benefit from modifying 566 
the antecedents of maternal feeding self-efficacy as a key strategy towards healthier 567 
food choices at the weaning period. Such interventions, may for example, help 568 
mothers set realistic and achievable feeding goals and support mothers through the 569 
use of vicarious experiences and verbal persuasions. Mothers may also benefit from 570 
having support on how to manage their emotional and mental states while juggling 571 
difficult child feeding behaviours. The increase in the reach, accessibility and 572 
provision of programs such as NOURISH (Daniels et al., 2009) may also contribute to 573 
help mothers make the appropriate behavioural and food choices in feeding their 574 
infants and toddlers.  575 
  576 
Conclusions 577 
 578 
Children in our study consumed FV frequently but variety was limited to a popular 579 
few. Through SEM, we showed that exposure to new foods, parenting confidence and 580 
child feeding behaviour were indirectly related to vegetable variety at the weaning 581 
period through maternal feeding self-efficacy, and that total number of children 582 
directly predicts child vegetable variety. This highlights the need for future 583 
interventions to target the whole family and to modify antecedents of maternal 584 
feeding self-efficacy as a key strategy towards development of healthy eating in 585 
children.  586 
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